The aim of the research is the phonetic articulatory description of emotive speech achievable studying the labial movements, which are the product of the compliance with both the phonetic-phonological constraints and the lip configuration required for the visual encoding of emotions. In this research we analyse the interaction between labial configurations, peculiar to six emotions (anger, disgust, joy, fear, surprise and sadness), and the articulatory lip movements defined by phonetic-phonological rules, specific to the vowel /'a/ and consonants /b/ and /v/.
Introduction
In this research we aim to define how the speech articulatory parameters are modified by the lip configuration of emotions. First of all we asked ourselves if emotions modify significantly the labial configuration of /'a/, /b/ and /v/ targets. Secondly we investigated how articulatory parameters are modified by emotions and finally we tried to quantify the lip movements emotive range with respect to the linguisticarticulatory targets, see [4, 5] .
Method
In order to collect the articulatory and acoustic data, an automatic optotracking movement analyser for 3D kinematic data acquisition (ELITE) was used, which also allows a synchronous recording of the acoustic signal (for previous applications of this data acquisition system to the definition of Italian visemes on an articulatory basis: see [1, 2, 3, 4] ).
This system tracks the infrared light reflected by small (2 mm diameter), passive markers glued on different points of the external lips contour and of the face, following the scheme in Fig.1 . Only the data relative to lip markers are presented in this work. A male University student pronounced two phonological structures 'VCV 1 , corresponding to two feminine proper names: "Aba" /'aba/ and "Ava" /'ava/, simulating, on the basis of appropriate scenarios, six emotional states: anger (A), disgust (D), joy (J), fear (F), surprise (Su) and sadness (Sa) and the neutral production (N), corresponding to a declarative sentence 2 . In this research we present the analysis of the mean values characterizing, for all the articulatory parameters, the targets of the vowel /'a/ and the consonants /b/ and /v/, extracted with respect to the mid point of the corresponding acoustic signal .
At the same time of ELITE recordings we executed a speaker video recording and from this we extracted the following images (see Fig. 2 ) related to the emotive production taken at the mid point of /'a/, /b/ and /v/. 1 Concerning the phonological structure of the selected words, we chose the labial voiced stop /b/ and the labiodental voiced fricative /v/, as they belong to the 2 classes of consonants for which the lips are the active articulators and execute phonologically specified movements, while the central open vowel /a/ offers the widest lip opening and is characterized by the largest articulatory space. 2 Due to the complexity of the movement tracking algorithm, some acquisitions resulted unreliable. For this reason, 7 recordings were used for A, 5 for D, 9 for N, 10 for J, 6 for F, 10 for SU, 7 for SA in the word /'aba/, and 7 cases were used for A, 6 for D, 11 for N, 8 for J, 6 for F, 9 for Su, 6 for Sa in the word /'ava/. All the obtained 107 recordings considered for the articulatory and acoustic analysis were judged by 3 listeners and scored between 4 and 5 on a 0-5 adequacy scale.
Articulatory Results

First Normalization Data Analysis
Are the emotive realizations of /'a/, /b/ e /v/ targets significantly different each other? To answer this first question, for each acquisition session, the articulatory data at resting position has been recorded as well, and the extracted parameters have been normalized with respect to this values. With this procedure we obtain the data released from the lips shape, see [4] :
The parameters selected to quantify the labial configuration modifications are the following: 
Second Normalization Data Analysis
Which is the variability of the articulatory parameters determined by emotions? To answer to the second question, for each recording, the extracted articulatory parameter values, already normalized at the resting position, have been subsequently normalized with respect to the corresponding neutral production data. Since in the neutral production vowel and consonants present positive and negative values (see [4] ), the second normalization procedure values are referred only to the emotion effects. The phonetic meanings of these parameter values are the following:
• Lip Opening (LO): positive values correspond to an increase of lip opening if compared to the neutral production; negative values correspond to an increase of lip reduction.
• Upper and Lower Lip vertical displacements (UL and LL): positive values
correspond to a reduction of the displacement from the plane Ω, corresponding to a lip rising with respect to neutral, while negative values stand for a lip lowering.
• Lip Rounding (LR): negative values correspond to higher lip spreading if compared to the neutral production; positive values correspond to higher lip rounding if compared to the neutral production.
• Anterior/posterior movements (Protrusion) of Upper Lip and Lower Lip (ULP and LLP): negative values quantify the growth of lip retraction with respect to the neutral production; positive values correspond to the growth of lip rounding. • Left and Right Corner horizontal displacements (LCX and RCX), positive values
correspond to a higher distance from the neutral; negative values correspond to a lowering of distance.
• Left and Right Corner vertical displacements (LCY and RCY), positive values
correspond to a lip corner lowering with respect to the neutral production; negative values correspond to a lip corner rising. The second normalization data were clusterised with Average Linkage Method, see [5] . In appendix, Tab. 
Emotive and Articulatory Space Interaction
How articulatory parameters vary trough the different articulatory targets in the realization of different emotions? To answer this third question we analysed contrastively the range 3 of the different parameters values, taken from the second normalization, in the realization of the three articulatory targets (see Appendix, Tab 3.). It can be noted that these ranges change not only with respect to the articulatory parameters but overall with respect to the target typology.
It can be noted that: • LO has, in the vowel /'a/, different values than in /b/ and /v/. In fact both the consonants, have lower value range of LO than in /'a/, due to the realization of different degrees of constriction.
• LL has a parallelism with LO because the LL movements determine mostly LO values.
• UL range has similar values in /'a/ and /v/ where, for the different emotions, there is the highest displacement reduction. In fact in /v/ UL do not contribute to the labiodental constriction; further it undergoes to the coarticulatory effect from the contextual vowel. In /b/ UL values has a role of active articulator in the bilabial closure, lowering with respect to N.
• LR shows similar value range in the targets /'a/ and /b/ but not in /v/ because the labiodental articulation characterizing this last consonant lowers the variability of the labial setting, determining a narrow value range.
• In ULP and LLP there are an opposition of the values of these parameters with respect to the different emotions in /'a/ and /v/ than in /b/.
In the emotive speech we don't notice a parallelism between LR, ULP and LLP parameters, verified instead in the description of the labial characteristics of Italian vowels [1, 3] .
• For LCX the value range shows a substantial similarity in all the three phonetic and articulatory targets, while RCX has a difference in /v/ value range that is narrower than in /'a/ and /b/. Probably these values are due to D asymmetry.
• For LCY and RCY we find a similarity between /'a/ and /v/, with higher displacements than in /b/, which has reduced corners vertical displacement. Further we find a higher range value in the left corner than in the right one, probably due to J asymmetry.
Conclusions
Although the data presented in this paper are only a short first contribution to the issue of visual characteristic of emotive speech, several results are interesting. It has been shown that in the emotive speech the articulatory targets, /'a/, /b/ and /v/, vary significantly with respect to the emotions (first normalization results § 3.1). Further the cluster analysis let us characterize, with respect to the articulatory data, similarities and differences between emotions ( § 3.2). Finally the articulatory parameters range analysis ( § 3.3), checked on the second normalization data, reveals a variability of the articulatory parameters with respect to the articulatory and phonetic targets. This is due to the labial configuration of emotions which can not violate the linguistics articulatory characteristics. 
